Introduction
In recent years, global warming has been a major issue due to continuous growth of greenhouse gas emissions from different sources. It has been estimated that the global average temperature will rise between 1.4 -5.8 °C by the year 2100 (Williams, 2002) . The contributors to greenhouse effects are carbon dioxide (CO 2 ), chlorofluorocarbons (CFCs), methane (CH 4 ), and nitrous oxide (N 2 O). The contribution of each gas to the greenhouse effects is CO 2 -55%, CFCs -24%, CH 4 -15%, and N 2 O -6% (Demirbas, 2008) . Carbon dioxide (CO 2 ), a major greenhouse gas which is mainly blamed for global warming occupies a large volume of the total emissions. Figure 1 shows the trend of CO 2 emissions over the years (Demirbas, 2005) . Different industrial processes such as power plants, oil refineries, fertiliser, cement and steel plants are the main contributors of CO 2 emissions. Fossil fuels such as coal, oil and natural gas are the main energy sources of power generation and will continue to generate power due to the large reserves and affordability. It is expected that coal utilisation in power generation will continue to increase in this century too. Demirbas (2005) reported that about 98% of CO 2 emissions result from fossil fuel combustion, and 30%-40% of world CO 2 emissions are generated by coal combustion among all the fossil fuels. The coal fired power plants generate the majority of the electricity and produce the highest rate of CO 2 per kilowatt hour (Department of Energy and Environmental Protection Agency, Washington DC, 2000) . Table 1 shows the CO 2 emissions and power generation from various sources. It can be seen from Table 1 that the coal-fired power plants are responsible for a large percentage of CO 2 emission among other process plants around the world, including Australia. About 46% of the world's power generation is estimated to be from coal combustion, including 50%, 89% and 81% of the electricity generated in the United States, China and India respectively (Parker et. al., 2008) . It is estimated that combustion of coal for power generation will be responsible for about 41% of the world's CO 2 emissions by 2025. Table 2 shows the world wide large stationary sources of CO 2 emissions and Figure 2 shows the stationary sources of CO 2 in Australia. In Australia 75% of the total electricity is produced from coal fired power plants, so coal fired power plants have a great impact on the Australian economy (ESAA, 2003; ABS, 2001) . In Australia, power plants contribute about 64% of the total CO 2 emissions generated from stationary sources (AGO, 2006 Continued use of coal to produce electricity makes it very important to undertake a study on coal fired power plants with the aim of reducing the hazardous emissions of CO 2 as well as sulphur oxides (SO x ), nitrogen oxides (NO x ) and other particulates to help maintain a sustainable environment. As such, it is of great importance to reduce CO 2 in the atmosphere by reducing emissions from power plants.
There are many technologies available to reduce the emissions of sulphur oxides (SO x ), nitrogen oxides (NO x ) and other particulates, but very little consideration has been given to the reduction of CO 2 emissions (Coal Industry Advisory Board, 1994) . Therefore further study on how to reduce CO 2 emissions from a coal fired power plant is currently an important field of research. Clearly this study on different existing CO 2 emission reduction technologies is needed to identify some measures that could be used for the successful reduction of CO 2 emissions from a typical coal-fired power plant. This chapter aims to identify an appropriate technology of CO 2 emission reduction to maintain sustainable environment.
Introduction to coal fired power plant
Electricity can be produced by various sources such as fossil fuels, nuclear fission, renewable sources etc. Figure 3 shows a typical schematic diagram of electricity production from burning coal. A typical pulverized coal (PC) combustion power plant is equipped with three units, boiler block, generator block and flue gas clean up block. The boiler block is the main unit where coal is burned with air to generate high pressure steam; the generator block contains the steam turbine/electric generator set, condenser and cooling water; and the third block is the flue gas clean-up unit which removes particulate matter (PM) and other pollutants from the flue gas to control emissions. This third unit carries out Selective Catalytic Reduction (SCR) for NOx (Nitrogen Oxide) removal, electrostatic precipitation www.intechopen.com
Thermal Power Plants

230
(ESP) for particulate matter removal, and wet flue gas desulphurisation (FGD) or wet lime scrubbing to remove SOx and mercury. The level of emission control of this unit is 95% -99% depending on the type of coal used (World Coal Institute, 2010) . Narula illustrated that, due to the addition of CO 2 amine scrubbers at the back end of the power plant to reduce CO 2 emissions, the net plant output decreases by about 25 percent from 2 x 400 to 600 MW, and the plant heat rate increases to 13,250 kJ/kWh from 9,800 kJ/kWh, and the capital cost of the plant increases by about 77% (Narula et al., 2002) . 
Carbon Capture and Storage (CCS) technologies
To prevent major climate change, CO 2 concentration in the atmosphere should be reduced by either CO 2 up-take from the atmosphere biologically or reducing the CO 2 emissions from the sources. There are some approaches available for reduction of CO 2 emissions from stationary sources such as reduction of the consumption of energy generated using fossil fuels, increase in energy generation by non-fossil fuel sources such as solar, wind, biomass, and nuclear energy and using carbon capture and storage (CCS) technology for large scale production. In CCS-technologies, CO 2 is separated from the flue gas from any source and used in other processes or stored in a safe place, such as underground storage and ocean storage. In this study, only reducing/capturing CO 2 from flue gas will be considered among the three phases (capture, transport, storage) of CCS technology. The idea of separating and storing CO 2 for mitigation of its emissions to the atmosphere was first proposed in 1977 (Marchetti, 1977) . Since then a lot of research work has been done on the possible mitigation options. Nowadays there are many CO 2 capture technologies available; some of these technologies are commercially established and some are under development. Mainly there are three pathways (illustrated in Figure 4 ) to reduce CO 2 emissions, these being post or after combustion, pre or before combustion and oxy-fuel combustion with CO 2 . In pre-combustion processes, CO 2 and other pollutants such as NOx and SOx are removed through gasification before combustion (Kreutz et al., 2002; 
Pre-combustion CO 2 capture
This process removes the CO 2 from any industrial sources prior to combustion of fuel like coal, oil or gas to produce energy. In the pre-combustion process, fuel is first converted into synthesis gas containing hydrogen and carbon monoxide (CO). This CO reacts with water and produces CO 2 , and finally this CO 2 is separated from the hydrogen and compressed for transportation and storage. Then the remaining hydrogen is combusted to produce energy. About 90%-95% of CO 2 emissions can be reduced by this technology. 3.2 During combustion CO 2 capture or oxy-fuel combustion technology During combustion CO 2 capture involves combustion of the coal with oxygen (nearly pure oxygen >95%) instead of air. A flue gas is produced consisting mainly of highly concentrated CO 2 and water vapour. These two components of flue gas are easily separated through a cooling process. The water is then condensed and a CO 2 rich gas-stream is formed. This oxy-fuel process can remove up to 100 % CO 2 from the flue gas. The oxy-fuel process is illustrated in Figures 6 . The main problem of this technology is that separating oxygen from the air causes energy penalty to the power plant. CCS consumes significant amount of energy. This additional energy is supplied from the power generation cycle causing less amount of energy (electricity) output available or demanding additional amount of energy (as input) to generate same amount of energy (electricity) output. This (energy consumed by CCS) is termed as energy penalty and it ultimately raises the cost of power generation. Chemical looping combustion technology which is under development can potentially remove this problem by more easily separating oxygen from the air. The Vattenfall Project (30MW pilot plant) in Germany and the Callide Oxyfuel Project in Queensland, Australia are the largest oxy-fuel demonstration projects under development. It was estimated by MIT that, after installation of oxy-fuel technology, power plant efficiency will be reduced by 23% for new construction and 31%-40% for retrofitting in an existing plant (MIT study, Future of coal, 2007). 3.3 Post-combustion CO 2 capture Post-combustion CO 2 capture for power plants takes place after combustion of air and fuel to generate electricity, and immediately before the resulting exhaust gas enters the stack. The advantage of post-combustion CO 2 capture technology is that it can be retrofitted to existing plants without major modifications; only the necessary capturing equipment is required to be installed. A simplified illustration of post combustion CO 2 capture is shown in Figure 7 . Several post combustion CO 2 capture methods are available. The most common post combustion method is chemical absorption with amine solvents. Other post combustion CO 2 capture technologies are membranes, the PSA (pressure swing adsorption) process and mineral carbonation processes. These are described below. (IEA-GHG, 2000) . When CO 2 partial pressure is less than 3.5 bar, then a chemical absorption process is preferred (GPSA, 2004) . Figure 8 shows a representation of the chemical absorption process. Flue gas containing CO 2 is cooled down before entering into the absorber which maintains a temperature range of 40-60 o C. In the absorber, flue gas contacts with the absorbing solvent and binds with the absorber. Then the lean flue gas leaves the top of the absorber and rich solvent loaded with CO 2 leaves the bottom of the absorber and is pumped to the regenerator to recover the solvent through a heat exchanger. In the regeneration section, rich solvent is heated to release CO 2 from the top of the regenerator and finally CO 2 is compressed for storage. The lean solvent free of CO 2 is reused in the absorber (IPCC, 2005) . A physical absorption process is carried out by the weak binding of CO 2 and the solvent at high pressure. Physical absorption is mainly considered for high CO 2 concentrations (higher than 15%) and high partial pressures. The physical absorption process is still in the preliminary stages of development. Rectisol, Purisol, Selexol, and Fluor solvents are used for physical absorption, and MDEA, KS-1, KS-2, KS-3, MEA, Amine Guard are used in chemical absorption (International Energy Agency, 2004 ). Less energy is required for solvent regeneration in the physical absorption process compared to chemical absorption. Generally, alkaline solvents such as alkanolamines, hot potassium carbonate, and ammonia are commercially used for CO 2 recovery. Besides these, amine solvents such as monoethanolamine (MEA), diethanolamine (DEA) and methyl diethanolamine (MDEA) are used in chemical absorption processes. But MEA is the most suitable solvent due to having www.intechopen.com some favourable characteristics such as high solubility in water, high biodegradability , high selectivity, fast reaction kinetics, high affinity of CO 2 and being easier to regenerate (DOW, 2005; IPCC, 2005) . Hindered-amine solvent KS-1, developed by Mitsubishi Heavy Industries, has lower energy consumption for regeneration (Mimura et al., 1997) . Recovery of CO 2 is typically 85% to 95% and CO 2 purity is approximately 99.5% with amines solvents (IPCC 2005) . Recently, it has been estimated by MIT that efficiency losses of 25%-28% for new construction and 36%-42% for retrofitting on an existing plant apply as a result of the installation of MEA CO 2 capture technology. In addition, degradation of the amine in the absorber through overheating above 205 o F or through oxidation from various causes are other major drawbacks. Flue gas desulphurisation (FGD) or selective catalytic reduction (SCR) devices are required to be installed with the MEA process for removing these drawbacks (Parker et al., 2008) . In the chemical absorption process, solvent choice, solvent cooling, heating, regeneration, absorption, pumping and the compression of the purified CO 2 all are energy consuming and costly processes which reduce the overall efficiency of the plant. The absorption column and regeneration unit are both expensive to operate and a high capital investment (Goldthorpe et al., 1992) . Therefore, research and developments are needed to improve the energy efficiency, especially in the absorption and regeneration aspects of this technology as well as cooling and heating issues for effective integration of chemical absorption processes into power plants. In addition, choice of solvent is a major factor. The key factors for selection of solvent are heat of absorption/regeneration, CO 2 absorption rate, CO 2 absorption capacity, resistance to degradation and impurities, corrosion, and volatility (Cullinane et al., 2002) . The chemical absorption method using MEA is a very expensive and energy intensive process. Binding between CO 2 and solvent molecules is strong and this offers effective removal of most of the CO 2 . But due to this strong binding, high regeneration energy is required to regenerate the solvent. A chilled ammonia solvent chemical absorption process has been developed in which the flue gas temperature is reduced from about 54.4 o C to 1.6-15 o C before entering the absorber to mitigate oxidation problems. This chilled ammonia process lowers the flue gas temperature which minimises the flue gas volume entering the absorber by condensation of residual water in the gas; this also causes some pollutants in the flue gas to drop out, reducing the need for other upstream control processing, (Parker et al., 2008) . Another ammonia based process designated ECO 2 is being developed by Powerspan . In this process in which does not involve chilling, the higher temperature flue gas is used to increase the CO 2 absorption rate in the absorber to remove CO 2 from flue gas (Powerspan, 2008; Ryan and Donald, 2008) . The operation of two commercial demonstration projects of Powerspan's process will start between 2011 and 2012 using a flue gas slipstream equivalent to a 120MW unit from Basin Electric's Antelope Valley Station in North Dakota and a flue gas slipstream equivalent to a 125 MW unit at NRG's W.A. Parish plant in Texas respectively (Parker et al., 2008) .
Membrane technology
In membrane process gas absorption membranes are used as contacting devices between a gaseous feed stream and a liquid solvent stream. Figure 9 shows a schematic diagram of the membrane process. In this process a membrane module is placed in a thermo water bath to maintain a constant temperature. The feed gas mixture enters the membrane module when the valve of the mixed gas cylinder is turned on to the desired flow rate, and the mixed-gas stream fed into the fibre lumen of the end of the membrane module at a slightly lower pressure than that of the liquid side to prevent dispersion of gas bubbles into the liquid.
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The feed gas mixture is prepared in a gas preparation system to a given concentration based on the partial pressure principle, and the absorbents are prepared in the feed tank with deionizer water to a given concentration. The liquid absorbent is introduced by a gear pump from the solution tank to the shell side of the module. Flow of gas steam and liquid absorbent is measured by flow meter. Then CO 2 of the gas mixture is diffused through the membrane pores into the liquid in the shell side and is absorbed by the absorbent. CO 2 permeation through the membrane depends on the difference in partial pressure of the feed side and the permeate side (liquid side) which is known as the pressure ratio (Ho, 2007) . Then the liquid absorbent loaded with CO 2 entered into another solution tank, and the treated gas steam is released from the other end of the module (Lu et al., 2009) . Selection of solvent and membrane material is very important. In the membrane process, aqueous solutions of propylene carbonate, diethanolamine (DEA), methyldiethanolamine (MDEA) and piperazine (PZ) are used as an aqueous solution. Mainly polymeric membranes, facilitated transport membranes, molecular sieves membranes and palladium based alloy membranes are used in the separation of CO 2 (Feron, 1992) .
[1-Mixed-gas cylinder, 2, 5-flowmeters, 3, 11-preheater, 4-membrane contactor, 6-gear pump, 7, 10-solution tank, 8-IR gas analyser, 9-thermo water bath] Fig. 9 . Schematic diagram of membrane process (Lu et al., 2009) Aqueous solutions of activated methyldiethanolamine (MDEA) in a PP (polypropylene) hollow fibre membrane contractor showed a better performance in separating CO 2 by the membrane process compared with propylene carbonate with the same membrane contractor (Dindore et al., 2004; Lu et al., 2005) . The solvent has low heat of absorption as it requires less energy during regeneration. Another way of improving the chemical absorption process is to ensure that there is maximum interaction between the solvent and the CO 2 (Fei, 2004; Fei and Song, 2005) . Other process configurations such as efficient and economic design of absorber, stripper and condenser may be used to improve the process efficiency. Mass transfer coefficient is a very important parameter for the membrane gas process. Mass transfer mainly comprises three steps, diffusion of mixed gas component to the membrane wall, diffusion of the membrane liquid through the pores and finally, dissolution into the liquid absorbent. Higher operational temperatures and flow rates can enhance the mass transfer coefficient in the absorption membrane process. It also has been observed that a composite amino-acidbased solution (0.75 kmol/m 3 GLY salt) + piperazine (PZ) (0.25 kmol/m 3 ) shows better performance than a single amino-acid salt solution, (1.0 kmol/m 3 glycine salt, GLY). CO 2 recovery efficiency of this process is approximately 90% (Lu et al., 2009) . The membrane process is a highly energy intensive and costly process because of high equipment cost and the high pressure differential required for this process (Herzog et al., 1991) . So technology integration is a major issue to improve the membrane materials, their pore size, selectivity and permeability, and a suitable combination of membrane and liquid solvent has the potential for improvement of the economic aspects of this process. An idea of a hybrid configuration with the membrane process has been proposed (Bhide et al., 1998) , where a membrane is used with an existing chemical absorption plant at the front side to remove the bulk of the CO 2 and then an aqueous solution of diethanolamine (DEA) is used to remove the remaining CO 2 .
PSA (Pressure Swing Adsorption) technology
The diagram of the Pressure Swing Adsorption (PSA) system is shown in Figure 10 . The basic principle of the PSA cycle was described by Skarstrom (1960) . In the PSA process, high pressure mixed feed gas is fed into the absorber. Then gas with a high affinity to the absorbent is absorbed, and the gas with lower affinity passes through the bed and accumulates at another closed end. When the absorber bed is saturated with high affinity gas, then the outlet valve of the absorber bed is opened and low affinity gas is withdrawn. The pressure of the adsorber bed is reduced as a result, and the absorbed gas is released from the adsorber bed. Finally, the evacuation of the absorbed gas is completed by pumping from the absorber bed. This step may include the purging of the adsorber bed with low affinity gas (Skarstrom, 1960; Ho, 2007) Fig. 10. Schematic diagram of PSA process (Skarstrom, 1960; Ho, 2007) In Pressure Swing Adsorption (PSA) systems, one of the most important parameters is the choice of the adsorbent for gas adsorption. Adsorbents with high surface areas such as zeolite, molecular sieves and activated carbon have been widely analysed for their CO 2 www.intechopen.com Thermal Power Plants 238 separation effectiveness. It has been evaluated that zeolite 13X is a better adsorbent for CO 2 as it has higher working capacity, lower purge requirements and higher equilibrium selectivity than activated carbon (Chue et al.,1995) . In PSA processes, mainly zeolite 13X is used as the absorbent. Currently it is used in steel and lime industries to reduce CO 2 from flue steams.
Mineral carbonation technology
In mineral carbonation CO 2 comes from different sources react with calcium (Ca) or magnesium (Mg) based natural silicate minerals and form naturally stable solid carbonated product. The storage capacity of this carbonated product is very large compared to other storage options. The carbonated products are stored at an environmentally suitable location or reuse in another industrial process such as mine reclamation and construction, also can be reused and disposal for land filling. It was found from literature that mineral carbonation technology is still in the research and development stage and further research is required to demonstrate and implement this process in power plant (IPCC, 2005) . Carbonation of metal oxide bearing minerals with atmospheric CO 2 is a natural process that occurs spontaneously at low partial pressure and at ambient temperature, though this natural process is relatively slows. Based on this natural process subsequent researches are continuing to accelerate the reaction process to introduce this technology in an industrial scale. The idea of CO 2 sequestration by mineral carbonation is relatively new. It was first proposed in 1990 (Seifritz, 1990 ) and the first published study on this idea was 1995 by Lackner (Lackner et al., 1995) . In this process gaseous CO 2 is converted into geologically stable carbonates. Figure 11 shows the schematic diagram of the carbonation process. Fig. 11 . Schematic drawing of a mineral CO 2 sequestration process (Kojima et al., 1997) . Figure 12 shows the flow diagram of mineral carbonation process with serpentine and olivine. In this diagram carbonation is carried out after different pre-treatment options such as crushing, grinding, magnetic separation and heat treatment. Size reduction of the mineral particle by crushing and grinding is essential to get a specific particle size for carbonation reaction. Iron ore (Fe 3 O 4 ) and H 2 O are separated from the mineral through magnetic separation step and heat treatment step respectively. Then this pre-treated mineral mix with water to form slurry. Carbonation reaction of this mineral slurry with compressed CO 2 is carried out in a carbonation reactor. After carbonation CO 2 and H 2 O is recycled back to the reactor and carbonated product and by product is separated.
In recent years a lot of researches have been performed related to the different pathways of carbonation technology that can significantly reduce the emissions of CO 2 into the atmosphere from any carbon burning processes. It is clearly seen from Table 3 that mineral carbonation is still in research and development phase. Further study is essential. More in-depth review on mineral carbonation is presented in the following section.
Details of carbonation technologies
Routes or pathways of carbonation reaction
The carbonation reaction is carried out in two ways: direct routes and indirect routes. In direct routes carbonation takes place in a single step process, a gas-solid or a gas-liquid-solid www.intechopen.com A Review on Technologies for Reducing CO 2 Emission from Coal Fired Power Plants 241 process, and in indirect routes extraction of Ca/Mg occurs from the mineral and then carbonation takes place in an another step where silicates are directly carbonated in an aqueous medium at elevated temperature and CO 2 pressure (Huijgen, 2007) . The detailed of pathways of carbonation reaction are described below.
Direct carbonation
Direct gas solid carbonation routes or dry carbonation
This process route with Ca/Mg-Silicates has some advantage for its direct reaction, simple process design, exothermic energy generated by the carbonation reaction that can be utilized in another process and no extra solvent is required to enhance the reaction (Lackner et al., 1995; Huijgen, 2007) . Figure 13 shows the direct gas solid carbonation process flowchart. Basic chemical reaction of this process is given below,
Ca/Mg-silicate (s) + CO 2 (g) → (Ca/Mg) CO 3 (s) + SiO 2 (s) + Heat
for instance in the case of olivine: Fig. 13 . Direct gas-solid carbonation process flowchart Direct dry carbonation process occurs quite slowly at room temperatures and process can be accelerated by increasing the temperature to a certain degree (Lackner et al., 1995) . (Prigiobbe et al., 2009 ) conducted carbonation tests of CO 2 with calcium rich fly-ash and found that the maximum conversions are occurred at 400 o C temperatures or above 400 o C. It was found from the test that the quickest carbonation (t 50% = 31 seconds) is occurred at 400 o C with CO 2 occupying 50% of the flue gas and the maximum conversion (78.9%) occurred at 450 o C with CO 2 occupying 10% of the flue gas. Though this process can result in high exothermic heat effect, but it is very energy-consuming due to the activation process of the mineral by heat treatment to enhance the carbonation rate significantly (Zevenhoven & Kohlmann, 2002) .The reactant feed stocks are required to grind sufficiently to increase the surface area before carbonation reaction to ensure the effectiveness of the direct carbonation route.
(Olivine)Mg 2 SiO 4 (s) + 2 CO 2 (g) → 2 MgCO 3 (s) + SiO 2 (s) + Heat
Direct carbonation: Direct aqueous carbonation
According to the principle of carbonation process in natural weathering, the presence of water can enhance the carbonation reaction rate. Direct aqueous carbonation route has been developed based on the natural process of carbonation, as natural carbonation process is www.intechopen.com Thermal Power Plants 242 enhanced in presence of water (O'Connor et al., 2000) . Figure 14 shows the flow chart of direct aqueous carbonation process. The most attractive and promising route of carbonation is direct aqueous carbonation. A few solvents, such as sodium hydrogen carbonate (NaHCO 3 ), sodium chloride (NaCl), mg-acetate and water can be used as reaction medium to enhance the carbonation process. The purpose of this additive is to increase the dissolution and carbonation rate (Krevor, 2009; O'Connor et al., 2005) . This solvent can increases the carbonation process than direct dry carbonation process.
Fig. 14. Flow chart of direct aqueous carbonation process
Carbonation reaction can be increased by increasing the specific surface area, reducing (Ca, Mg) 2+ -activity in solution and removing the SiO 2 -layer. Addition of NaCl, NaHCO 3 , and (Na/K)NO 3 can reduce the (Ca,Mg) 2+ -activity in solution and increase the ionic strength. Addition of HCl, acetic acid, and citric acid can increase the reaction rate. In the case of serpentine, orthophosphoric acid, oxalic acid and EDTA can also increase the reaction rate (Park et al., 2003) .
Indirect carbonation: Cg/Mg-hydroxides carbonation or aqueous acid carbonation
The Cg/Mg -Hydroxides Carbonation or Indirect Carbonation or Aqueous Acid Carbonation essentially uses an aqueous solution to extract the magnesium and calcium content from the mineral prior to the actual carbonation process and the original mineral is split into smaller components, as a result carbonation take places at a much faster and favorable rate (Lackner et al., 1995) . Figure 15 shows the flowchart of aqueous acid carbonation process. Carbonation of Ca/Mg-Hydroxides or Indirect carbonation is considered as a feasible and faster process than carbonation of Ca/Mg-silicates, but high temperature and high CO 2 pressure are required for optimum conversion of mineral. It has been observed that 500°C and 340 bar CO 2 is required for Mg(OH) 2 carbonation for 100% conversion within two hour (Lackner et al., 1997) . The chemical reaction of the carbonation of Mg(OH) 2 is shown below,
Mg(OH) 2 (s) → MgO (s) + H 2 O (g) (dehydroxylation)
MgO (s) + CO 2 (g) → MgCO 3 (s) (carbonation)+ Heat
The activation energy of the combined carbonation and dehydroxylation reaction are 304 kJ/mol and the optimum temperature for the reaction is 375 °C which is thermodynamically www.intechopen.com favourable (Butt et al., 1996; Huijgen, 2007) . Though, Ca/Mg-hydroxides are not available in nature, but Ca/Mg-hydroxides can be found by the conversion of Ca/Mg-Silicates using extraction agent (Lackner, 1995; Huijgen, 2007) . Depending on the mineral and characteristics of the overall process, various acids, bases or water such as hydrochloric acid, caustic soda, sulphuric acid or steam can be added at various stages to extract the Ca/Mg components from the magnesium/calcium bearing mineral. Due to the losses of the extraction agent throughout the process hydrochloric acid is perhaps a preferred choice due to its relatively low cost. Recovery of the extraction agent at the end of the extraction process is essential for the overall feasibility of aqueous acid carbonation process (Lackner et al., 1995) . Literature indicates that several extraction agents can be used to extract Ca/ Mg component from mineral such as, HCl, molten salt (MgCl 2 .3.5H 2 O) and acetic acid. 
Materials for carbonation
Mineral CO 2 sequestration requires large amounts of Ca/Mg minerals for large-scale sequestration of CO 2 from flue gases. For example 1 kg of CO 2 may require 2 kg (or more) of serpentine for the carbonation reaction, which may cause a significant environmental impact due to the disposal problem (Sipila et al., 2007) . About 10,000 tons of CO 2 /day is produced from a single 500 MW power station. To sequester this large amount of CO 2 through the carbonation process, approximately 23,000 tons/day of magnesium silicate ore is required (Lackner et al., 1995) . Different types of materials can be used for the carbonation process such as mineral rocks and industrial residues. Calcium and magnesium oxides and hydroxides are the ideal materials for carbonation, but they are not available in nature. Alkaline mineral materials are available and abundant in natural silicate rocks around the world that contain high amounts of magnesium, calcium and also low amounts of iron, sodium and potassium. Table 4 shows the composition of some selected rocks and pure minerals and their potential CO 2 sequestration capacity. Industrial residues such as slag from steel production, fly ash from coal combustion, de-inking ash from recycling of paper and municipal residue can also be used for mineral carbonation to minimise CO 2 emissions (IPCC, 2005; Johnson, 2000) . These industrial residues are a valuable source of Ca/Mg, therefore industrial residues can be applied to carbonation processes to minimise CO 2 emissions. This has a great Table 4 . Composition of some selected rocks and pure minerals and their potential CO 2 sequestration capacity (Huijgen, 2007) environmental benefit, as these residues are disposed of easily and cost effectively by reusing them in carbonation technology. Table 5 shows different studies on carbonation of industrial residues, described below. Industrial residues have some potential benefit compared to mineral materials as they are readily available and cheap, and also utilising these residues in carbonation processes has a positive impact on the environment. Besides this, due to chemical instability, industrial residues are highly reactive in nature. Table 5 . Different studies on carbonation of residues with process condition (Huijgen, 2007) www.intechopen.com
Pre-treatment before carbonation
Mineral carbonation requires some pre-processing of minerals such as grinding, heat treatment and magnetite separation, and also the CO 2 pressure should be similar to the pressure of the pipeline if CO 2 is piped to the disposal site (O'Connor et al., 2001) . Before carbonation, CO 2 is preheated typically between 100 o C and 150 o C, especially for aqueous carbonation processes where the carbonation occurs between 300 o C to 500 o C (Butt et al., 1996) . Mineral treatment with steam or acid or a combination of these can be applied to increase the specific surface area of a mineral to improve the carbonation rate (O'Connor et al., 2001) . Carbonation has been successfully performed after such activation, heat treatment, grinding and magnetite separation. 
Tmax, is the maximum carbonation temperature for PCO2 = 1 bar. Tdeh refers to the dehydroxylation temperature, The enthalpy of reaction, H(Tmax), is normalised to one mole of CO2 The heat Q is the energy required to heat the original mineral and CO2 to the higher of Tmax and Tdeh, normalised to one mole of CO2. The initial temperature is assumed to be 298K.] (Lackner et al., 1995) Table 6 . Thermodynamic properties of carbonation reactions (Lackner et al, 1995) www.intechopen.com
Particle size is a vital factor for determining carbonation reaction rates, as carbonation reactions are mainly surface controlled. Particles with coarser sizes can be used, but smaller particle sizes are preferred for carbonation reaction. Particle sizes < 37 microns are preferred for optimum reaction. Particle size can be reduced through grinding and crushing. An increase from 10 to 90% carbonation conversion can be achieved by reducing the particle size from 106-150 μm to <37 μm (O'Connor et al., 2000) . Before carbonation heat treatment is required to remove chemically bound water and activates the mineral for carbonation process. It was roughly estimated that the optimum energy requirements for heat treatment is 200 kWh/ton for serpentine at 600-650 o C it was found that the specific surface area of antigorite is increased from 8.5 to 18.7 m 2 /g by heat treatment to accelerated the reaction (O'Connor et al., 2001) . Heat treat process generates steam which is also a potential recoverable energy. Magnetic separation step is mainly used for serpentine to remove the magnetite (Fe 3 O 4 ) that is remaining naturally with the serpentine. Magnetic is a useful by-product. The natural process of mineral carbonation is very slow at ambient temperatures. It has been evaluated that carbonation reaction rates can be increased by increasing the temperature and pressure (Lackner et al., 1995; Zevenhoven & Kohlmann, 2002) . The maximum allowable carbonation temperature should be maintained during carbonation reaction according to the nature of the mineral and the CO 2 pressure. Above this temperature, carbonation reactions are not thermodynamically feasible. Table 6 shows the thermodynamic properties of various carbonation reactions. As carbonation reaction is exothermic, carbonated product can be obtained at low temperature. Above 900°c for calcium carbonate and above 300°c for magnesium carbonate with CO 2 partial pressure of one bar the carbonation reaction can be reversed that is called calcinations (IPCC 2005; Nikulshina et al., 2007) .
Energy consumption and exothermic nature of carbonation processes
Carbonation processes require energy intensive preparation of the solid reactants including pre-treatment, mining, transportation, grinding and activation to achieve the required conversion, and power plant efficiency can be reduced by this. Power plants' efficiency can be reduced by up to 20 percent for CO 2 capturing processes (Plasynski and Chen, 2000) , though chemical reaction of the mineral carbonation process is exothermic. If suitable energy recovery options are implemented, then operating efficiency of those power plants will be raised using the exothermic energy and energy recovered from the product. The wet carbonation of the natural silicate olivine causes a 30-50% energy penalty on the power plant, and to implement a CCS system in such power plants, 60-180% more energy is required to reduce CO 2 emission while maintaining equivalent power output (IPCC, 2005) . It is estimated that efficiency is reduced 27% by implementing mineral CO 2 sequestration technology in power plants and 75% of the total efficiency reduction is caused by grinding. Energy cost can be reduced by using the exothermic nature of the reaction and also utilising the by-products of the carbonation reaction. Furthermore, reuse of the resulting products could enhance the economic return (Huijgen, 2007) . It was estimated that total costs of CO 2 capture by mineral carbonation are about 90-120 €/tonCO 2 which is very high for large scale CO 2 capture by mineral carbonation technology, www.intechopen.com though it was observed that costs can be reduced using the exothermic nature of the carbonation reaction and also utilising the valuable by-product of mineral mining such as magnesium, silicon, chromium, nickel and manganese and the reusing of carbonated product (Huijgen & Comans, 2003) . Some possibilities for energy integration by exothermic reaction of carbonation technology have been identified using Aspen Plus modelling software. These are listed in Table 7 below (Brent and Petrie, 2008) Energy Sinks Energy Sources Mineral comminution energy Compressed CO 2 product stream CO 2 compression duty Dehydroxylation reaction products Serpentine activation Carbonation reaction products Carbonation reagent slurry preheating Table 7 . Possible Energy sinks and energy sources (Brent and Petrie, 2008) 
CCS projects in Australia
Currently, several carbon capture and storage (CCS) projects are running around across the world including Australia. Some CCS projects in Australia are detailed below,
Zero Gen Project
Stanwell Corporation (owned by the Queensland Government) proposes to build a 100 MW Integrated Gasification Combined Cycle (IGCC) plant with capture technology adjacent to the existing Stanwell Power Station, 29 kilometres west of Rockhampton. The ZeroGen project will integrate IGCC technologies with Carbon Capture and Storage (CCS) to produce low-emission base load electricity. The project will convert pulverised coal into a synthesis gas (consisting mainly of hydrogen and carbon monoxide) through the IGCC process with a mixture of oxygen enriched air and steam under pressure. The "syngas" then undergoes a shift conversion in a gasifier where the carbon monoxide is converted to hydrogen and carbon dioxide. The CO 2 is then separated from the shifted "syngas" and produces a clean, low-carbon, high-hydrogen fuel to produce electricity. The estimated project cost is A$4.3 billion. It is expected that this will have the potential to capture up to 90% of CO 2 emissions for full sequestration. Japan-based Mitsubishi Corporation (MC) and Mitsubishi Heavy Industries (MHI) will provide IGCC and carbon capture technology for the power plant. The proposed plant will be operational in 2015 (Zero Gen Project, 2008) .
Callide Oxyfuel Project
The Callide Oxyfuel Project is located at Biloela in Queensland and aims to capture carbon using oxyfuel combustion, combined with carbon storage. In this technology, coal is combusted in a boiler with oxygen and then exhaust gases have been recycled instead of regular air. 
Wandoan Power Project
The Wandoan Power Project will integrate Gasification Combined Cycle (IGCC) precombustion carbon capture and storage technologies. In IGCC process fossil fuel is first converted into CO 2 and Hydrogen gas (H 2 ). Then CO 2 gas is separated and electricity is produced by the combustion of Hydrogen-rich gas. This project is led by GE Energy, with partners Stanwell Corporation and Xstrata Coal. This project is located near Wandoan in Queensland's Surat Basin and will build a 400MW IGCC power plant with carbon capture and storage capacity of 90% of CO 2 emissions (Flagship Project: Wandoan Project).
Project on mineral carbonation at NSW
Recently a joint venture project between Green Mag Group and the University of Newcastle, Australia has been established with an aim to set a carbonation plant at Newcastle, Australia using serpentine that is abundant in Australia. In this study, the efficacy and prospect of carbonation technology (Mineral carbonation project for NSW) will be investigated and evaluated.
Comparison of CCS technologies
As mentioned earlier, there are many CO 2 capture technologies available to mitigate CO 2 emissions such as chemical absorption, pressure swing adsorption (PSA), gas separation membranes and cryogenic separation. It can be noted that implementation of any CCS technology will introduce extra cost and energy penalty. So cost and energy penalty should be considered before implementation of CCS technology in power plant. Different technologies are compared with their advantages and disadvantages in (Ho, 2007) . 
Conclusions
It can be concluded that the improvement of cost and energy penalty associated by carbonation technology can be achieved through integration of exothermic energy produced from the carbonation reaction, energy recovered from product of carbonation reaction for self sustaining system and utilizing the carbonated product and by-product. Another prospect of this technology is utilizing the industrial waste as a feed stock to make this process less expensive. Any other CCS technologies have not these promising prospects. There are studies available on acceleration of the carbonation processes related to the reaction kinetics, but there is very limited information related to the integration of the carbonation processes into power plants, and the performance of the power plants associated with this process. To integrate carbonation processes into coal fired power plants, research should be done to assess the performance of these processes to introduce this technology at an affordable rate with reduced energy penalties to power plants. The outcome of the study may contribute to the savings of process energy, hence decreasing processing costs and increasing capital gain.
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